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(54) TiUe; TRANSPLANT SOLUTIONS CONTAINING PYRUVATE AND METHODS FOR TRANSPLANTATION 
(57) Abstract 

The present invention is based upon the discovery that the use of pyruvate in transplant solutions and the feeding of pyruvate and/or 
pyruvate derivatives to the organ recipients prior to and subsequent to transplantation, greatly enhances the survivability of the recipient 
and the viability of the transplanted organ. According to the present invention, providing pyruvate prior to the transplantation of an organ 
and/or subsequent to the transplantation of the organ, will significantly increase the lilcelihood of a successful transplantation. Further, the 
use of pyruvate-containing preservation, transplant, perfusion and pyruvate irrigation solutions will greatly enhance the maintenance of the 
organs prior to transplantation. The transplant and irrigation solutions of the present invention contain components that are known in the 
art and pyruvate at a concentration from 1 to 100 mM. 
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TRANSPLANT SOLUTIONS CONTAINING PYRUVATE AND 
METHODS FOR TRANSPLANTATION 

Technical Field 

The present invention relates generaUy to methods of transplanting tissue and organs in 
maminals and to solutions useful in the transplant of tissues and organs which contain pyruvate 
and pyruvate derivatives. 

5 

Background Art 

The transplantation of organs and/or tissue from a donor to a recipient has become almost 
routine in modem medicine. Modem preservation methodologies have provided for the 
nuintCTiincc of organs over relatively long periods of time prior to tran^lantation. Despite this, 
10 present preservation technology is limited and there is a need to inapTO\c the viability of the 
organs or tissue to be transplanted over longer periods of time. Improving techniques for 
transplantation would have far ranging implications for clinical application and basic research on 
organ transplantation. 

The present invention is based upon the discovery that the use of pyruvate in transplant 
15 solutions (for preservation and irrigation during surgery) and the feeding of pyruvate and/or 
pyruvate derivatives to the organ/tissue recipient prior to and subsequent to transplant aUon, 
greatly enhances the survivability of the recipient and the viabihty of the transplanted organ/tissue. 

As used herein and in the claims, the term "organ" is meant to mean a dififerentiated 
structure, such as the heart, kidney or liver, which consists of cells and tissues and performs some 
20 specific function in an organism. Also included in the definition of ''organ'' is the term 'tissue" 
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which is an aggregation of cells more or less of similar morphology and functionality The animal 
body is composed of four (4) primary tissues, namely, epithelium, connective tissue (including 
bone, cartilage and blood), muscle and nervous tissue. 

As used herein and in the claims, the term 'pyruvate" means any sah or esters of pyruvic 
5 acid. Pyruvic acid has the formula: 

O 0 

II II 
H3— C C — C-OH 

Pyruvic acid is a colorless liquid with an odor resembling that of acetic acid and has a 
melting point of 13°C Pyruvic acid is an intermediate in the breakdown of sugars to alcohol by 
yeast. The mineral sahs of pyruvic acid, such as sodium pyruvate or calcium pyruvate or 
10 mixtures thereof are useful in the present invention. Pyruvate precursors in the form of 
pyruvamides or pyruvyl-amino acids are also useful in the present invention. Pyruvyl-glycine is 
representative of the useful pyruvyl-amino acids. 

Pyruvate has a number of useful applications in medicine. Pyruvate has been described for 
retarding fatty deposits in livers (U.S. Patent No. 4,158,057); for treating diabetes (U.S. Patent 
15 No. 4,874,790); for retarding weight gain (U.S. Patent Nos. 4,812,879, 4,548,937, and 
4,351,835); to increase body protein concentrations in a mammal (U.S. Patent No 4,415,576); 
for treating cardiac patients to increase the cardiac output without accompanying increase in 
cardiac oxygen demand (U.S. No. Patent 5,294,641); for extending athletic endurance (U.S. 
Patent No. 4,315,835); for retarding cholesterol increase (U.S. Patent No. 5,134,162); for 
20 inhibiting growth and spread of malignancy and retarding DNA breaks (U.S. AppUcation Serial 

2 
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No. 08/194,857 filed February 14, 1994); and for inhibiting generation of free radicals (U.S. 
Application Serial No. 08/286,946 filed August 8, 1994) All of these references are incorporated 
herein by reference. 

Pyruvate in various forms has been proposed for enteral administration and for parenteral 
5 administration. Typically, pyruvates are available in the form of salts, for example, calcium 
pyruvate and sodium pyruvate. U.S. Patent Nos. 5,283,260 and 5,256,697 disclose uses for the 
pyruvyl-amino acids and methods for their production. 

Pyruvate has been administered to mammals enterally or parenterally typically at 
superphysiological levels. The amount of pyruvate administered generally ranges fi-om I to 20% 
10 of the mammars caloric intake. For enteral administration, the pyruvate may be disbursed or 
dissolved in a beverage product or may be included in cookies, candies or other foods. Pyruvate 
may also be introduced as an aqueous solution parenterally. 

According to the present invention, providing pyruvate to the donor animal prior to the 
transplantation of an organ and/or to the recipient subsequent to the transplantation of the organ, 
15 will significantly increase the likelihood of a successful transplantation. Further, the use of 
pyruvate-containing transplant solutions or pyruvate irrigation solutions will greatly enhance the 
maintenance of the organs prior to and during transplantation. 

Transplantation is the removal of part of an organism and its replacement in the body of a 
different individual. The transplantation of cells, tissues or organs is an important procedure for 
20 treating a number of diseases and for studying a wide variety of problems. Transplantation of 
organs is a widely accepted medical therapy for diseases such as cardiac disease, liver disease and 
diabetes. 
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Transplantation invoK es two types of problems; those concerned directly with the act of 
transplantation itself and those which stem from the inconipatibility of the donor organ to a 
genetically dissimilar recipient. An aspect of the present invention comprises administering 
pyruvate to the donor (if possible) and the recipient animal prior to and/or subsequent to organ 

5 transplant. The transplant solutions (for preservation and irrigation) containing pyruvate of the 
present invention also lessens the injury to the transplanted organ during periods of preservation 
and during the reperfusion event. Restoration of the flow of blood to a particular region of an 
animal (i.e., muscles or organs) is called reperfusion. One additional aspect of the present 
invention resides in the discovery that accepted solutions used to transport the donated organ 

1 0 which contain pyruvate produce an unexpected benefit m the preservation of the organ. 



r)i«;clos ure of the Invention 

There is disclosed a transplant solution comprising water, a buflFer system and pyruvate 

The concentration of the pyruvate can range from 1-100 mmol or mM (miliimolar) More 
15 preferably, the concentration of the pyruvate can range from 1-25 mM. Preferably, the pyruvate 

is selected from the group consisting of sodium pymvate, calcium pyruvate, potassium pyruvate 

and mixtures thereof Further, the transplant solution of this invention may contam antibiotics, 

steroids, insulm, nucleotides, carbohydrates, peptides and other components that are currently 

accepted in transplant, irrigation and perfrision solutions. 
20 There is also disclosed a method for the transplantation of an organ in a mammal, said 

method comprises the administration of pyruvate enterally or parenterally to the recipient mammal 

prior to and/or subsequent to the transplantation. 

4 
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There is fiirther disclosed a method for the transplantation of an organ in a mammal said 
method comprises the perfusion of the organ with a transplant solution comprising water, a 
buffer system and pyruvate prior to the estabhshment of the blood flow from the recipient to the 
organ. 

There is also disclosed a transplant solution comprising water, at least one steroid at a 
concentration of from 2-20 mg/L. at least one carbohydrate at a concentration of from 10 to 100 
mM, at least one nucleoside at a concentration of 1-20 mM, at least one antibiotic at a 
concentration of 0.1 to 1.0 mg/L and pyruvate at a concentration of I to 100 mmol and wherein 
5 said transplant solution has an Osmolality of 250-375 mmos. 

As used hereui and in the claims, the term "pyruvate*' means the mineral salts of pyruvic 
acid, for example the sodium, potassium or calcium salts, and pyruvate precursors in the form of 
pyruvamide or a pyruvyl-amino acid. Examples of the pyruvyl-amino acids useful in this 
invention are pyruvyl-glycine, pyruvyl- alanine, pyruvyl- leucine, pyruvyl valine, pyruvyl-isoleucine, 
10 pyruvyl-phenylalanine, pyruvyl-proline, pyruvyl-sarcosine and their amides and esters as well as 
their salts. The teachings of U.S. 5,256,697 which relate to methods of administering pyruvate 
and to methods of synthesizing pyruvate precursors is incorporated herein by reference. 

As used herein and in the claims, the term *1)uffer system" means medically accepted salts 
of a weak acid in the presence of the free acid itself or the salts of a weak base in the presence of 
1 5 the free base itself "Buffer solutions'' which are aqueous solutions of '1)uffer systems'' are known 
in the medical and biological arts. In medicine, it is desirable to prepare a solution of definite pH, 
made up in such a away that this pH alters only gradually with the addition of alkali or acid. 
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Those skilled in the medical will readily appreciate which buffer systems would be useful m the 
present invention. 

As used herein and in the claims, the term 'transplant solution" means an aqueous 
presen atiou solution that is used to store the organ to be transplanted, an irrigation solution 
5 which is used to flush a body part for removing a foreign object or medicating the body part, a 
perfusion solution for forcing through an organ especiaUy by way of the blood vessels and an 
intravenous solution that can be used to administer the pyruvate to the organ recipient. 

There is also disclosed a method for the transplantation of an organ m a mammal, said 
method comprising the admmistration of pyruvate to the recipient mammal prior to the 
10 transplantation of the organ. This invention also contemplates the administration of pyruvate to 
the recipient mammal subsequent to the transplantation of the organ The method also 
contemplates the enteral and parenteral administration of the inventive transplant solution to the 
recipient mammal. 



15 Detailed Description of the Invention 

An accepted solution used for the transplantation of organs is the University of Wisconsin 
Transplant Sohition. This solution consists of the following components at the recited 
concentrations: 



K Lactobionate 

KH2P04 

MgS04 

Raffinose 

Adenosine 

Glutathione 

Insulin 



100 mmol 
25 mmol 
5 mmol 
30 mmol 
5 mmol 
3 mmol 
100 U/L 
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Bactrim 0.5 ml/L 
Dexamethasone 8 mg/L 

Allopurinol 1 mmol 

Hydroxyethiol- 

starch 50 g/L 

Osmolality 320 mmos 

pH 7.4 

Na 30 mraol 

K 120 mmol 

The preservation or irrigation solution of the present invention can be the Wisconsin 
solution, which additionally contams pyruvate, at concentrations of from 1 to 25 mmol, more 
5 preferably from 2 to 1 5 mmol More generally, the solutions according to this invention can 
utilize conventionally accepted components, such as energy sources (i.e., sugars and 
carbohydrates), antibiotics, anti-inilanmiatories, buffer systems, mineral salts and the like. An 
especially preferred solution of the invention comprises a standard Ringer's solution containing 1 
to 25 mmol of sodium or calcium pyruvate. Ringer's solution is a physiological sahne solution 
10 which is isotonic with the serum of blood and is used for perfusion and tissue culture experiments. 
One important aspect of the solution of this invention is that it be isotonic with the blood of the 
animal in which they will be used. Solutions havmg the same osmotic pressure are termed 
isotonic. 

In one aspect of the present invention, pyruvate is administered to the transplant recipient 
1 5 prior to and subsequent to the transplant operation. The level of pyruvate can range from I to 
20% of daily calories. Preferably, the pyruvate replaces a portion of the carbohydrates in the 
diet. 



7 
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EXAMPLE I 
Tran^lant Pancreatic Islet Cells 
Short and long tenn preservation of pancreatic islet cells has been accomplished through 
low temperature cryopresewation. UtUizing current technologies, unacceptably low cell yields 
5 have hmited the chnical transplantation of pancreatic islet cells to treat diabetes. One aspect of 
the present invention resides in the discovery that long term culture of pancreatic islet cells in a 
pyruvate-rich medium enhances the viabihty and function of human pancreatic islets. 

Islets were isolated from human pancreata using the method described by Ricordi et al m 
Diabetes 37:413, 1988. After isolation, the islets were fiirther purified by velocity sedimentation 
10 on a discontinuous EurocoUins ficoll density gradient. The cells were cultured at 37°C in 5% CO. 
in air either in a pyruvate supplemented medium at 4-15 mmol or in a standard culture medium. 
The standard culture medium was CMRL-1066 supplemented with 5-10% fetal calf semnx The 
standard culture medium CMRL^1066 has the followmg composition: 



8 
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me/L 




INORfiANIC SALTS 






CaCbCanhyd.) 


200.00 




KCl 


400.00 


5 


Mg304(anhyd.) 


97.70 




NaCI 


6800.00 




NaHCOi 


2200.00 




NaH-jPO/, + HjO 


140.00 


1 n 

1 u 


flTRTR COMPONENTS: 






V^ilv/ai 1/ W A jr laa^.' 


1.00 




uciixi y LUC / V 


2.50 




7 - Oen xvaden o sin e 


10.00 




2-Oeoxvcvidine + HCI 


10.00 






10.00 




Omho son roovri dine 






Nucleotide 


7.00 




9\/1Tl A fl PT1 in P 








1 00 






1000 00 




Olutathione (reduced^ 


10.00 




S-!VI(*thvI-Hf*nxvcvtifline 


0.10 




I U CHOI I\.CU 


20 00 






81 00 




Sodium Glucuronate + HjO 


4.20 




Thymidine 


10.00 




Triphosphopyridine 






Nucleotide 


1.00 




J wccu 0\f 


5.00 






1.00 












25 00 




L-Arginine HCI 


70.00 




L-Aspartic Acid 


30.00 




L-Cystine - 2HC1 


26.00 




L-Glutamic Acid 


75.00 


40 


L-Glutamine 


100.00 




Glycine 


50.00 
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Comp on ent mg/L 

AMINO ACID (cont'd) 

L-Histidine HCI - H2O 20.00 

Hydroxy- L-proline 10.00 

L-Isoleucine 20.00 

L- Leucine 60.00 

L-Lysine- HCI 70.00 

L-Methionine 15.00 

L-Phenylalanine 2 5 . 00 

L-Proline 40.00 

L-Serine 25.00 

L-Threonine 30.00 

L- Tryptophan 10.00 

L-Trysine 58.00 

L- Valine 25.00 

L-Cystaine 260.00 

VITAMINS: 

Ascorbic Acid 50.00 

D-Biotin 0.01 

D-Ca-Pantothanate 0.01 

Cholesterol 0.20 

Choline Chloride 0.50 

Folic Acid 0.01 

Inositol 0.05 

Niacin 0.025 

Niacinamide 0.025 

Para-aminobenzoic Acid 0.05 

Pyridoxal HCI 0.025 

IVidoxine HCI 0.025 

Riboflavm 0.01 
Thiamine HCI 0.01 



BNSDOCID <WO 9804127A2 I > 




wo 98/04127 PCT/US97/13160 

Islet number aiid viability were serially assessed by dithizone and tripan blue staining. The 
viability of the islets was fimher confirmed by dynamic perifiision assays For this experiment, 
pancreata was obtained fi-om nine (9) human cadaveric donors. 

60 to 80 islets per ml were cultured in either the control mediimi {CMRL-1066 
5 supplemented with 5 to 10% fetal calf serum and 25 mmol HEPES) or the experimental solution 
which was the control plus sodium pyruvate at 4 to 15 mmol. The viability and m vitro functions 
of the control and experimental cultures were determined on days 1, 7, 14, 30, 60 and greater 
than 60 days post isolation. 

Table 1 sets out the percent viability on days 7, 14, 30, 60 and greater than 60 days for the 
10 ex-perimental and control solutions. The control solution was not able to maintain the cultured 
islets beyond day 30. On the contrary, greater than 67% of viable islets could be recovered after 
60 days of culture in the pyruvate supplemented medium. On 120 days post-isolation, the yield of 
viable islets was reduced to about 56% for the experimental solution. This is a highly unexpected 
result in view of the present technology. 
1 5 The viabiUty of the islet cells was also evaluated m vivo The abihty of the cultiu^ed islets 

on days 30, 60 and greater than 60 days to reverse experimentally induced diabetes in a male nude 
mice model was utilized. The animals were rendered diabetic by a single injection of 
streplozotocin (185 ml/kg). 72 hours subsequent to the streptozotocin injection, approximately 
700 islet cells were implanted mto the mice from the experimental and control cultures The 
20 implantation of the islets was under the renal capsule and their function was monitored b> serial 
determinations of blood glucose levels and body weight. The response of the transplanted islets 
to stress was evaluated on post-operative day 20 by an intraperitoneal glucose tolerance test 

10 
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(IPGTT). The viability of the transplanted cells was also determined on post- operative day 37 by 
nephrectomy of the graph bearing kidney. 

Islets recovered after 30, 60 and 120 days in the experimental solution culture were 



5 of the graph bearing kidney precipitated hyperglycemia in all of the animals which is evidence that 



These results indicate that a culture of islets in a pyruvate-rich medimn preserve their long 
term viability and function. Further, these results support the conclusion that pyruvate containing 
transplant solutions present an alternative to existing in vitro culture and cryopresetvation 

10 techniques which have yielded variable resuhs to date. Further, the transplant solutions of the 
present mvention allow for the collection of islets from multiple donors, thus optimizing the 
transplantation of a critical islet cell mass for successful reversal of insulin dependent diabetes 
mellitus. This data supports the inventive use of pyruvate in transplant solutions The activity of 
the pyruvate containing transplant solution or culture medium is in great contrast to the control 

15 solution wherem after 1 month, all of the islet cells had lost their capacity to reverse 
hyperglycemia. 



transplanted into nude mice and were able to reverse experimentally induced diabetes. Excision 



eugiycemia in these animals was maintained by the transplanted islets. 



TABLE 1 



Vtabihtv of Human Pancreatic Islets 



Days in Culture 



**/o Viable Experimental 
(Pyruvate at 5-7 mM) 



•/o Viable 
Control 



7 
14 

30 
60 
60 



82 
75 
74 
70 
67 



75 
71 
28 
0 
0 
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EXAMPLE II 
Liver Transplant 

5 At present, the use of currently available solutions for the preservation of livers prior to 

transplantation limits their hypothermic preservation to about 20 hours. There is therefore, a need 
to develop improved cold-storage solutions. In this Example, a transplant solution in accordance 
with the present invention was tested against a standard solution presently used by the medical 
community'. 

10 The control solution was lactated Ringer's solution and the experimental solution was the 

same lactated Ringer' s solution containing sodium pyruvate at a 5 mM level- 
Donor livers from Lewis rats were orthotopicalJy transplanted into syngeneic rat 
recipients The transplantation of the liver occurred after 20 hours of hypothermic {4°C) 
preservation Group A, which consisted of 5 rats, had the livers preserved and flushed before 

15 revascularization with the control solution. Group B consisted of 5 rats and had the livers 
preserved with the experimental solution but flushed with the control solution prior to 
reperfiision. Group C consisted of 5 rats and used the experimental solution for both preservation 
and flushing. Comparative data was obtained from 3 control rats that did not have the operation 
This was Group D. 

20 The operations were performed usmg accepted techniques in the field. 3 hours after 

reperftision of the livers, the animals were sacrificed. The damage to the transplanted livers was 
assessed by histopathological examination and by liver enzyme serum levels. 



12 
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Group A (control solution for both preservation and flushing) showed massive injury to 
the liver. Cell necrosis and degeneration of hepatocytes and non-parenchymal ceUs was scored as 
severe A significant reduction ni the histopathological changes was seen in Groups B and C 
(experimental solution). The changes or level of damage was moderate for Group B and mild for 
5 Group C. In Group C large areas of the hver sections presented totally normal morphology. 

Serum levels of liver enzymes were increased in all groups, but were significantly lower 
(p<0.05) in Group C, The release of liver enzymes into the serum evidences that damage at the 
cellular level has occurred. The presence of enhanced levels of liver enzymes in Groups B and C 
support the inventive transplant solutions and the use of those solutions for preservation and 
10 perfusion 

This experiment demonstrates that a pyruvate containing transplant solution protects the 
Ii\ cr to be transplanted. This experiment also supports the use of pyruvate containing sohitions 
for extended hypothermic preservation (ischemic period), perfusion of the organ (flushing) and 
during reperfusion (revascularization). 
1 5 EXAMPLE ni 



20 after 48 hours of cold storage in University of Wisconsm solution without pyruvate (control, n=3) 
and with pyruvate (control, n=3). The experimental Wisconsin solution contained 5 ntiM calcium 
pyruvate. Before revascularization of the liver graft, the vasculature was flushed with Ringer's 
lactate (control) and Ringer's lactate containing 5 mM pyruvate (study group). In the livers of 
animals transplanted with organs preserved and flushed with solutions containing pyruvate, was 



Liver Transplantation 



In this experiment, the liver was transplanted orthotopically in a syngeneic rat recipient 
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observed a reduced in parenchymal necrosis, apoptosis of hepatocytes and necrosis of non- 
parenchyal cells. 

The data demonstrate that pyruvate protects the hver to be transplanted after an extended 
hypothermic preservation time (48 hours), reducing the injury observed when preserved with the 
5 best preservation solution available today for human IK ers and other organs. 

EXAMPLE IV 
Intestinal Transplant 
Interluminal Installation of Pyruvate 
This experiment was conducted to demonstrate that insertion of a pyruvate containing diet 
10 into the lumen of the small intestine prior to harvesting, results m improved viabiUty of the 
transplanted organ. 

The small intestine of 12 Sprague Dawley rats was tied to closure. The bowel 
downstream from the closure received directly about 10 cc*s of a placebo Uquid diet which 
consisted of a standard liquid rat chow containing polyglucose (n=6) or the same liquid diet with 
15 10% of the energy (caloric) content of the polyglucose being displaced by a mixture of sodium 
and calcium pyruvate (n=6). 

The grafts were then harvested and stored for 2 hours in cold (4°C) Ringer's solution 
The grafts were then transplanted with additional insertion of the experimental and control diets 
into the limien. 

20 Mucosal parameters were compared between the luitreated and pyruvate treated grafts 

two hours after reperfusion. Tissue injury was evaluated by hist ©pathology Mucosal injury, after 
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reperfusion of the preserved grafts and during acute rejection was significantly inliibited by 
pyruvate. 

Pyruvate treatment before cold preservation of intestinal grafts, in this rat model, reduced 
the amount of damage occasioned upon the graft. After reperfiision of the hypothermically 
5 preserved grafts, the separation of the villous epithehum fi^om the lamina propria extended almost 
the fiill length of the vilh and in some sections, destruction of the villous tips was also observed 
In the grafts treated vAih pyruvate, there was a marked decrease in edema and separation of the 
epithelium from the lamina propria was not observed. 

EXAMPLE V 

10 Intestine Transplantation 

This experiment is designed to evaluate the use of pyruvate containing preservation 
solutions in the transplant of small bowel tissue. Small bowel grafts are harvested from male 
Sprague Dawley rats and are stored in cold (4°C) Ringer's lactate solution for 2 hours prior to 
undergoing orthotopic transplantation into Sprague Dawley recipients. The Control group grafts 

1 5 are stored in standard Ringer's solution wiiile the Experimental group grafts are stored in Ringer's 
solution with sodium pyruvate at 10 mM. SmaU bowel biopsy specimens are obtained before 
harvestmg, before revascularization and 30, 60, 120 minutes and 24 hours after transplantation. 

After reperfiision of the hypothermically preserved grafts, the separation of the villous 
epithehum from the lamina propria will extend ahnost the fiill length of the villi and in some 

20 sections, destruction of the villous tips will be observed In the grafts stored in the pyiuvate 
Ringer's, there is a marked decrease 1 edema and separation of the epithehum from the lamina 
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propria. In general, the grafts stored in the pyruvate containing solution survived the hypothermic 
storage much better than the Controls 



EXAMPLE VI 

5 Feeding Pyruvate Before Transplantation 

One aspect of the present invention relates to the discovery that feeding of pyruvate to the 
donor prior to removal of the organ and feeding of pyruvate to the recipient prior to and 
subsequent to transplantation can provide a beneficial effect. This experiment used rejection of an 
intestinal graft in rats to demonstrate the beneficial effects of feeding pyruvate for transplantation 

10 procedures. 

SmaU bowel grafts were transplanted across an allogenic (ACI strain of rat to Lewis strain 
of rai) barrier. Grafts obtained fi^om 4 untreated rats (not fed pyruvate) were used as controls. 
The experimental group of 4 rats were fed pyruvate at 5 gms per day for 7 days prior to 
harvesting. The recipients of the experimental group grafts were fed pyruvate at 5 gms per day 
15 for 6 days post transplantation. Observations obtained fi-om native intestines serves as a baseline 
for comparisons 

6 days subsequent to transplantation, the animals were sacrificed and the grafts were 
assessed for severity of injury by histopathological examination. The examination of the grafts 
revealed that the experimental group sufiFered a significant reduction of cellular damage and cell 
20 death. There was also a significant reduction in endothelial cell damage, leukocyte adhesion and 
intravascular platelet aggregation. The experimental group also evidenced preservation of Goblet 
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cells and increased mitotic events as compared to controls. These observations support the 
feeding of pyruvate prior to and/or subsequent to transplantation of organs. 

Industrial Applicability 

5 The medical community is constantly searching for improvements to the transplantation of 

organs. The present invention provides a transplant solution of improved performance and a 
method for the transplantation of organs that increases the likeUhood of a successful clinical 
outcome. The transplant solutions of this invention are isotonic aqueous solutions that contain 
from 1 to 100 mM, more preferably from 1 to 25 mM of pyruvate. These isotonic solutions may 

10 also contain antibiotics, anti-mfiammatories and other components knov^ in the art. An 
additional aspect of the invention is a method for organ transplantation that comprises feeding the 
organ recipient pyruvate prior to and/or subsequent to the transplant operation. 

While the transplant solutions and the method for organ transplant of this invention have 
been described herein and constitute preferred embodiments of the invention, it is to be 

1 5 understood that the invention is not limited to these precise solutions or methods and that changes 
may be made therein without departing from the scope of the mvention, which is defined in the 
appended claims. 
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What is claimed is: 



1 

2. 

3. 
4 
5. 

6. 
7. 
8. 
9. 



A transplant solution comprising water, a buffer system and pyruvate. 
The transplant solution according to Claim 1 wherein the pyruvate is selected from 
the group consisting of sodium pyruvate, calcium pyruvate, potassium pyruvate 
and mixtures thereof. 

The transplant solution according to Claim 1 wherein the pyruvate is at a 
concentration of 1-100 mM. 

The transplant solution according to Claim 1 wherein the pyruvate is at a 
concentration of 2 to 25 mM. 

A transplant solution according to Claim 1 further comprising at least one element 
selected from the group consisting of antibiotics, steroids, insulin, nucleotides, 
carbohydrates and peptides. 

A method for the transplantation of an organ in a mammal, said method comprises 
the administration of pyruvate to the recipient animal 

The method according to Claim 6 wherein the administration of the pyruvate is 
enteral administration. 

The method according to Claim 6 wherein the administration of the pyruvate is 
parenteral administration. 

The method according to Claim 6 wherein the administration of the pyruvate is 
prior to the transplantation of the organ. 

The method according to claim 6 wherein the administration of the pyruvate is 
subsequent to the transplantation of the organ. 
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U A method for the transplantatioti of an organ in a mammal, said method comprises 
the perfusion of the organ with a transplant solution comprismg water, a buffer 
system and pyruvate prior to the establishment of the blood flow from the recipient 
mammal to the organ. 

12. The method according to Claim 1 1 wherein said pyruvate is at a concentration of 
1-100 mM and wherein said transplant solution further comprises at least one 
element selected from the group consisting of antibiotics, steroids, insulin, 
nucleotides, carbohydrates and peptides. 

13. A transplant solution comprising water, at least one steroid at a concentration of 
from 2 -20 mg/L, at least one carbohydrate at a concentration of from 10 to 100 
nmiol at least one nucleoside at a concentration of 1-20 mmol, at least one 
antibiodc at a concentration of 0.1 to 1.0 mg/L and pyruvate at a concentration of 
1 to 100 mmol and wherein said transplant solution has an OsmolaUty of 250-375 
mmos. 

14. The transplant solution according to Claim 13 wherein said pyruvate is at a 
concentration of 2 to 25 mM and is selected from the group consisting of sodium 
pyruvate, calcium pyruvate, magnesium pymvate, potassium pymvate and 
mixtures thereof 

15. The transplant solution according to Claim 13 wherein the pymvate is at a 
concentration of 2-15 mM and wherein the transplant solution has an Osmolality of 
275-350 mmos. 
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16 The transplant solution according to Claim 13 wiierein the pyruvate is selected 

from the group consisting of sodium pyruvate, and pynn ate precursors. 
17. The transplant solution according to Claim 13 further comprising steroids, insulin 
and peptides. 
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